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Seed proteins have bean traditionally divid- 
ed into classes based tm llicir sclubility in dif- 
fe rent solvents. In, Angjpspennae wi?h th£ ex- 
.p'epii'on of Crammeae, th? ?wds contain 
primarily globulins and ilbumins (Osborne, 
1924; Panielsfcon, 11*49; pcrby<ihire, Wright 
and Bo^icer t ..l996).; Globulins lire insoluble in 
water but soluble ih concennTtted -salt sofu- 
lions, whereas albumins &*e soluble in wa«r- 
dr dilute salt solution. Globulins ."" Wc. long 
butn considered as storage oruteiris whO£. iih- 
ill tfetemlyvialbumiru ha I ve bees thought of as 
metabolic protein (Danielsson, 1956; Boulter 
ami EJerbyxhire^ 1.971: Millerd, 1975; Ashton. 
1976; Youle and Huang, 1978a, 1979). 

Globu i i m hu v« bee n cxten si v ely c h antcfcN 
i^l, particularly in nutririonniJy Important ie- 
fiUines and oilseeds. They we generally of high 
Molecular weight with tfudi mentation coeffi- 
cients ranging from 7 to I3S. Thess proidn* 
contain High arnotml s of a rcu'n i ne , glutamihe 
(and glutarnat^j and aspfi^gtn« (arid aspar- 
Such an amino »eid eomposition with 
riigh nitrogen Content is imponant since glob- 
ulins are storage pr«M*cm* supplying nitrogen 
for germination, GiobuJins contam a : low 
amount of iulfur-containing "amino acids, 
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whitfy may b* a limmng factor in their n^itri- 
tiuiiaJ valde (Derbyshire et ai., 1976). 

Albufcins are widely distributed in seeds of 
diverse ^pocics Recently, wc have done in* 
tensive stucftes. on the 'albumin's of castor bean 
C:nd cottonseed {Youle and Huang, 1976. 
197£a f b, 1979). The seed albumins of these 
two spec ie$ h^ve ?S HcdintcnUtion values and 
function as storage proteins in gei-mination, 
TKiir amino >xid 

ilar to euch other ihan to the globulin storage 
proteins of die respective seeds. Other than 
the high amount of arginine, gluiaimuc fgla- 
tamaie), r.ad aspantgino (aspartate)., tliese al- 
bumins are exceptionally neb in cysteine* 

To:se£ if <^eed albumin proteins with unique 
characteristics similar to those of castor bean 
and couonseed are widely distributed, we ex- 
amined the pmteins from iteeds of a. diverse 
bixonomic array. The results, reported In this 
paper , re vcid a di stt act class of seed nivt&uc 
protein with a wide dLniinburJcn . 

MATtRj^LS and methods— / > /^;i; Mate- 
rwlx—StCih w«re? uf the ^ Species ^Lupjniis\pi^. 
typkytfas Lindl, (lupin) from W/SchumacHer 
Co,, Siuidvvich, Mass., Uwm usiiMtesimuM t- 
(linseecpfrom S chafer Seed Co^ Oakets, N,D.» 
Cucumis Mifivus L, (cucumber) from Food- 
^chihrt-CHemical Corp., Mpdesto r Calif* 
Yuccti upp i Urassica $pp, (mustard), Hcl\an* 
ffms <wn*im L. (sunflower), Berikdtterip #.t* 
cetsa H.B.K. (Brazil nut). Cnryfas spp. (ha j 
zclnui), fruhks ^mygetiilits Batschi (almond) 
and Arachis hypogGM U <pcaniiOfrom local 
sources, Ricirius communis L. var. Hate (cra- 
ter bean) from Baker Caator Oil Company, 



/fl'suiULI'd) 

, litmus tiinyxduhtx 
LrrphuitpofyphyViiS 

CucurbM.acsac 
5eiu lACfcae 

C&tyhts tpp. 

r.ti|iiKMliiuisriie. 
(casior bean) 

C^xsypfvin h irxtftu/n 
(cononj '• 

* l?S'for jicHniii : and fi 1 



Plamview^ Te f \a», an 
cv, SJ-2 from ProHii^ 
California. 

Frotstn mi'&ction 
TOtn the seeds by gi 
Phosphato buffer, pi 
scribed previously ( 
1979), 

Sedimentation SU 
gGiion—S ed?m entatii 
performed acenrdir 
(1961^ With niudific 
bach, 1974) t^Uescril 
H^ns> 1978a). Briel 
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methops— Plant Mate* 
>f the species Luptnus po- 
rn) from F. W. Schumacher 
s., Linum usitattsslmum L. 
? ev Seed Co., Oakes, N.D., 
.. (cucumber) from Food- 

Corp M Modesto, Calif., 
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ker Castor Oil Company > 
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7'ai?i.ii 1- Amount qf2S t 73 and HSprvtclns in (he weds 
vfWriMS species 



Family. SJKcies 



% of loml «ccO protein 



7S 



US- 



Composite 
Htlfunthus unnmus 
(sunflower) 62 

Cnidferae 

(mustard) 62 

I.inaceae 
Ww/w usltathxlmum 
(llniced) 42 

Rosflc«ae 
PmutJ amy filiate 
(almond) 25 

/s<j>fnu$ pf/fyphyitu? 

ihipin) 38 

Arodiia hypagaca 

(pcunut) 2U 

Ciicurhiluccae 
(Cucumber 4 ) 5A 

Locyttiiduccac 

(brazil nuL) 30 

Boiol&ct&e 
Coryltts spp. 

fhsrtefnui) 28 

(yucta) 27 

Guphorbiftcenc 
Ridmw communis 
twisior bean) 44 

MulVftCCHC 
Ooxjsyptum hirsutum 
<coi«>rt) 33 



38 



38 



58 



15 60 
6 74 



12 



17 



6| 



60 



16 57 



14 42 



M 32 



■ I3S for peanut and cucumber, artf 9S for yucca and 
cotton. 



PUiinview, Texas, and Go&vypium hirstthtm L. 
cy. SJ-2from Producer Cotton Oil Co., Fresno, 
California. 

Protein extraction— Protein was extracted 
from the seeds by grinding in 0,035 M sodium 
phosphate buffer, pH 7.5 in 1 m NaCI as de- 
197^° P^viously (Youle and fiuane, 1978a, 

Sedimentation sucrose gradient cenlrifu- 
i>iuum — Sedimentation ukracentrirugation was 
F?2f?r mcd ^cording to Martin and Ames 
U96i) with modification (Hill and Brekten- 
tach, 1974) as described previously (Youle and 
nuang, 197Sa). Briefly, the protein solubitizcd 



In 1 M NaCI, 0.035 M sodium phospate buffer 
pH 7.4, was centrifuged in a sucrose gradient 
from 5 to 30% sucrose in the same buffer. 
Myoglobin and bovine liver catajase were used 
as markers for sedimentation values. 

Protein hydrolysis and amino acid analy- 
sis — After dialysis against water and Jyopbili- 
zation, the protein samples were hydrolyzed 
to amino acids with 4 n methanesulfonic acid 
in vacuo. The procedure that preserved tryp- 
tophan was followed (Simpson, Neuberger and 
Liu, 1976), The protein samples were reduced 
with dithiothreltol for httlf-cysteme analysis, 
Amino acid analyses were performed on a 
Bcckman 120-C Instrument. 

Results — The proteins from the seeds of 
species of ! 1 different families (Tabic I) were 
studied, The seed proteins soluble in 1 m salt 
solution were extracted and analyzed by sedi- 
mentation sucrose gradient centrifugation. The 
sedimentation patterns of these proteins, 
which included albumins and globulins, are 
shown in Fig. 1, Two basic types of sedimen- 
tation profiles were found. Sunflower, mus- 
tard, and linseed contained primarily 2$ and 
I IS proteins, while almond, lupin, peanut, cu- 
cumber, Brazil nut, and hazelnut had 2S, 7S 
and f I-13S proteins. Some seeds, such as lin- 
seed, lupin and hazelnut, contained a minor 
peak of protein with a sedimentation value 
higher than US, The 7S and 11 S proteins of 
several species reported here have been well 
characterized as the globulin storage proteins 
(Derbyshire et ul., 1976). The 2S proteins have 
received considerably less attention, but have 
recently been characterized in castor bean 
(Youle and Huang, 1978a, b), cottonseed 
(Youle and Huang, !979) .Brassica (L&nnerdal 
and Janscn, 1972) and lupin (Gerritsen, 1956). 
Reports on soybean (Hill and Breidenbach, 
1974), mung bean (Ericson and Chrispcels, 
1973), broad bean (Mori and Utsumit 1979), 
and pea (Basha and Beavers, 1975), while con- 
cerned primarily with the 7S und 11 S proteins, 
have revealed high amounts of low molecular 
weight proteins in the seed extracts. 

To quantitate the relative amounts of the 
various proteins in each species, the areas un- 
der the peaks of the sedimentation profiles 
(Pig. 1) were calculated. The results of this 
integration are shown in Table 1. The amount 
of 2S protein in the total sali-sojuble proteins 
ranges from 20% in peanut to 62% in sunflower. 

The solubility of the 2S and 9-I3S proteins 
in water, 0.05 m NaCI solution, and 0.5m NaCI 
solution was studied (Table 2). In each species, 
the 2S protein is more water-soluble than the 
9-13S proteins- The high solubility of the 2S 
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Table 2, Solubility of 2$ an* ' ^ proitin* extracted from 
seeds of various sp*oieS p 
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us 
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67 
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57 


91 


91 




us 


14 


40 


90 




Peanut 




88 


89 


93 




13S 


77 


82 


94 




Cucumber 


25 


56 * 


77 


94 






13S 


) 


4 


75 




Brazil nut 


ZS 


100 


100 


too 




US 


38 


93 


100 




Hazelnut 




72 


90 


82 






1 IS 


39 


68 


75 
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2S 


4) 


42 


91 






9S 


19 


14 


93 




Cotton 


2S 


69 


72 


*!> 






9S 


8 


10 
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Fraction Number 

Fig. 1 . Protein profiles of $ucro*e gradients after cen- 
trifugaiion of protein eatracis of various seeds. The seed 
proteins were extracted with J m NaCI in 0.035 m tfodium 
phosphate buffer. P H 7»4. Ench linear gradient was com- 
posed of 35 ml of S% (m//w) io SOW- sucrose &rtnia»nini; t 
m NaCI throughout. 



proteins in water is the characteristic of al- 
bumins. The 9-J3S proteins are much more 
soluble in 0.5 m NaCI solution and thus can be 
classified as globulin*. The I3S protein of pea- 
nut is relatively water-soluble and thus differ* 
from the ll-BS proteins of other species. 

The amino acid compositions of the 2S pro- 
teins were determined (Table 3). The 2S pro- 
teins have high nitrogen content (glutamine 
plus glutamate, asparagine plus aspartate, ar- 
ginine). This is one of the characteristics or 
storage proteins, as has been established for 
the 7S and 9-1 IS globulins (Derbyshire ct al„ 
1976). The nitrogen content of these 2S albu- 
mins is actually higher than that of the 7S and 
IIS globulin proteins in most species. Very 
significantly, the 2S proteins of the various 
species share a distinct similarity in their high 
cysteine and methionine content, which con- 



The protein fractions in i m NaCJ wiluiion were ob- 
tained from sucrose gradients after sedimentation lasntrif- 
ugutton. They were dialyzed against water, 0.05 m NaCI 
or 0.5 m NaCI, and the percent of proiein remaining in 
the supernatant after a ecniriftiguiion of \ 0,000 * for 30 
min. are shown. 



trasts dramatically with that of the globulins 
(Derbyshire et al., 1976). In each species, ex- 
cept to a lesser degree in peanut » 6% to 13% 
of the total amino acids of the 2S proteins is 
cysteine. The methionine content ranges from 
1 .6 to of the total amino acids of the 2S 
proteins in various species except peanut and 
Brazil nut. The 2S protein in peanut is very 
low in cysteine and methionine. Brazil nut 2$ 
protein contains an exceptionally high amount 
( 17%) of methionine. 

Discussion— Our findings dearly indicate 
that seed albumins of low molecular weight arc 
abundant and occur in diverse plant species. 
As judged from their high nitrogen content as 
well as their abundance , the 2S proteins appear 
to be seed storage protein, serving as nitrogen 
reserve for germination . This idea is supported 
by our previous documentation of the storage 
role of the 2S proteins in castor bean and cot' 
tonseed (Youle and Huang, 1978a, 1979), al- 
though similar conclusive evidence for the 2S 
proteins in other Meeds is absent. The 2S pro- 



Sunflower Mustard 



Trp 

Uy* 
His 
Arg 

Cys 

IV 

Scr 

Glx* 

Pro 

C\y 

Ala 

Vol 

Met 

lie 

Leu 

Tyr 

Phe 



0.28 
5.3J 
1.45 
5.15 
6.59 
7,42 
4,81 
5.88 

18.36 
3.94 

14.18 
5.06 
5.08 
2.84 
4.01 
5.76 

2.00 



3.60 
$.70 
3.70 
4.30 
9.03 
4.61 
4.02 
6.34 
15,69 
4.50 
8.4$ 
5.26 
4,24 
2.60 
3.7$ 
6.89 

2.20 
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Sunflower MuKtftfd U<uccA 




3.60 
*.70 
3.70 
4,30 
9,01 
4.61 
4.02 
6.M 
15,8S> 
4.S0 
8.4ft 
5.26 
4.24 
2.60 

6.*9 

2.20 



Pwuwc Cucumber 



0*76 
5.96 
1-23 
6.03 
8.17 
6-36 
3.58 

6,o; 

23.75 
1.57 

13.7* 
5.14 
3.85 
1.93 
2.ft7 
5,32 
1.47 
2.16 



4> 
6.61 
2.90 
6.89 
6.15 
7,K2 
4.1! 
8.91 
24.71 
3.25 
7.3H 
4.59 
3.15 
0.66 
2.43 
5.0J 
1.97 
3,44 



+ 
4.03 

2.92 
7.37 
J. XI 
9,35 
4.54 
7^5 
16.74 
3,77 
a ,38 
5.64 
6.62 
1.84 
3.78 
6,78 
3,2i> 
5.69 



0.58 
3.30 
1.26 

11.90 
S,92 
5.30 
3.96 
6.2$ 

20.02 
3.07 

10.89 
4.94 
2.83 
3.79 
2.22 
6.44 
2.06 
K6* 



Boat! 
nul 



0.89 
1.90 

IK78 

S3.II 
4.27 

+ 
6.29 

24.53 
4.63 
5.71 
1.33 
0.52 

17.33 
0-90 
5.58 
1.07 
0,17 



Hxzchmi 



+ 
3.42 
0-91 
U-K2 
10.27 
6^9 
2.73 
3.69 
29.69 
1^7 
7.25 
3.92 
2.78 
3,69 
2.74 
5.27 
3.03 
0,94 



Yucca 



0.64 
4.12 
2.03 
!L4fS 
9.29 
7.34 
4.43 
4.69 
19.34 
4.56 
8.41 
5.33 
4.12 
3.17 
2,19 
4,14 
3-29 
J. 44 



3.0 
0.H 
9-4 
8.5 
4.4 
1.4 
il.8 
30.0 
2.S 
8.4 
3.7 
4.6 
1.6 
3.0 

4.2 
1,8 
0.9 



Cotton 



1-6S 
7,46 
2,26 

1032 
7,74 
8,57 
2,86 
4.05 

27,23 
2.96 
8.69 
4.39 
1.68 
1.80 
t-53 
2.55 
2,86 
1.55 



• As*: aspartate and asparagine; Olx: fclutainate and glutamic 
+: trace amounts. 



teins represent a distinct class of seed storage 
protein, with characteristics distinct from 
those of other classes of seed storage protein. 
These characteristics include low molecular 
weight, high solubility in water, and high cys- 
teine content, in addition to the extremely high 
nitrogen content. Although seed proteins of 
low molecular weight have been reported oc- 
casionally in a few individual plant species 
(GerriUsen, 1956; Lonnerdal and Jfansen, 1972; 
Tully and Bee vers, 1976; Youle and Huang, 
J97H;t, 1979), our systematic and comparative 
study establishes that these proteins represent 
a distinct class of storage protein. 

Since our study deals only with the major 
protein* of the seeds, the 2S proteins extracted 
from some plant species unavoidably were 
contaminated by minor proteins of other char- 
acteristics, such as the well-characterized pro- 
teose inhibitors (Liener and Kakade^ 1969)- 
'llic.se contaminants are not present in sub- 
stantial amount in seeds and their low amount 
is revealed by their amino acid compositions 
(Liener and Kakade, 1969) which ai*e very dif- 
ferent from those of the 2S protein (Table 3). 

The 2S protein with its high cysteine and 
methionine content represents a sulfur-storage 
form in seed. During germination, the sulfur 
is mobilized and utilized not only for amino 
acid imd protein structure, but also for the syn- 
thesis of important cofactors and coenzymes, 
and membrane sulfolipid, To our knowledge, 
no other sulfur-storage form in seeds has been 
described, and the high sulfur content of the 
proteins, as compared with that of 7-1 IS 
SiobuHns, documents their relative impor- 
tance. 



The 2S proteins with their high cysteine con- 
tent should be more valuable for human nu- 
trition than other storage proteins (globulin) in 
the same seeds. Selection of plant varieties for 
amino acid composition of high nutritional val- 
ue does not usually generate pew protein 
species but merely shifts the relative propor- 
tions of proteins already present so that the 
more nutritionally valuable protein species 
constitute a high proportion of the total pro- 
tein. The 2S protein should be an important 
consideration in the selection of plant varieties 
with a higher content of the essential amino 
acids, cysteine and methionine. Since we es- 
tablished earlier (Youle and Huang, 1978b. 
1979) that the castor bean and cotton 2S pro- 
tcins are potent allergens (Spies ec al., 1951), 
the allergenic properties of the 2S proteins de- 
serve consideration in the nutritional evalu- 
ation of this class of seed proteins. 
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